Objective: To evaluate the impact of the School-Based Asthma Therapy trial on asthma symptoms among urban children with persistent asthma.
tive medications through school had significantly more symptom-free days compared with children in the control group (adjusted difference=0.92 days per 2 weeks; 95% confidence interval, 0.50-1.33) and also had fewer nighttime symptoms, less rescue medication use, and fewer days with limited activity (all PϽ.01). Children in the treatment group also were less likely than those in the control group to have an exacerbation requiring treatment with prednisone (12% vs 18%, respectively; relative risk=0.64; 95% confidence interval, 0.41-1.00). Stratified analyses showed positive intervention effects even for children with smoke exposure (n=285; mean symptom-free days per 2 weeks: 11.6 for children in the treatment group vs 10.9 for those in the control group; difference=0.96 days per 2 weeks; 95% confidence interval, 0.39-1.52).
Conclusions:
The School-Based Asthma Therapy intervention significantly improved symptoms among urban children with persistent asthma. This program could serve as a model for improved asthma care in urban communities.
Trial Registration: clinicaltrials.gov Identifier: NCT00296998 Arch Pediatr Adolesc Med. 2011; 165(3) : [262] [263] [264] [265] [266] [267] [268] A STHMA IS ONE OF THE MOST common chronic conditions of childhood and is responsible for substantial morbidity and cost. 1, 2 Inflammation is a key component of asthma, and inhaled corticosteroids are the most effective long-term therapy for children with persistent asthma. 3, 4 The National Heart, Lung, and Blood Institute Expert Panel guidelines recommend that all children with persistent asthma receive daily preventive anti-inflammatory medications. 5, 6 Despite these recommendations, many children who should receive these medications do not receive them. 7 Poor and minority children have the greatest morbidity from asthma [8] [9] [10] [11] and also are the group least likely to receive adequate preventive therapy. [12] [13] [14] These children also are frequently exposed to environmental triggers, including environmental tobacco smoke (ETS), [15] [16] [17] [18] [19] that worsen symptoms and make manage-ment more difficult. [20] [21] [22] [23] There currently are few interventions for urban children with asthma that ensure children are receiving appropriate preventive care. 24, 25 We implemented the School-Based Asthma Therapy trial to reduce morbidity for impoverished children with asthma by improving adherence to care guidelines. 26 This study builds on our experience with a pilot study that included 180 urban children in which we found that directly observed therapy using preventive asthma medications in school reduced asthma symptoms. 27 However, the beneficial effects of that program on asthma symptoms were seen only among children not exposed to smoke. Because this type of school-based program has the potential to substantially improve care for impoverished children with asthma, we sought to establish the following: (1) whether these findings could be replicated in a similar school-based study of directly observed therapy, including a larger sample of urban children; (2) whether the effects could be enhanced by even more stringent adherence to care guidelines through the addition of symptom-based medication dose adjustments; and (3) whether children exposed to smoke would have greater benefit from the school-based intervention when combined with an ETS reduction program.
Our primary hypothesis was that children receiving the intervention would have more symptom-free days during the peak winter season (November-February) compared with children in a usual care control group. Our secondary hypothesis was that among the subgroup of smokeexposed children, those who received the school-based intervention with ETS reduction would experience less asthma morbidity than those who received usual care.
METHODS

PARTICIPANTS
The University of Rochester Institutional Review Board approved the study protocol. We recruited children aged 3 to 10 years attending preschool or elementary school in the Rochester City School District. Eligibility required the child to be enrolled in the Rochester City School District and have physiciandiagnosed asthma (by parent report with physician validation) with persistent symptoms based on National Heart, Lung, and Blood Institute Expert Panel guidelines. 5, 6 Children were excluded if they had other medical conditions that could interfere with the assessment of asthma-related outcomes (cystic fibrosis, congenital heart disease, other lung disease), if the primary caregiver was unable to speak and understand English, if they were planning to leave the school district within 6 months, or if they had no access to a telephone for follow-up surveys (at home or an easily accessible alternate location).
PROCEDURES
Enrollment occurred during the beginning of 3 consecutive school years starting in 2006, from late August through mid November. Parents of children with asthma indicated on their school health forms received a telephone survey to determine eligibility. Once a child was deemed eligible, the study was explained in detail and permission was obtained to contact the child's primary care provider (PCP). The PCP for each child had to authorize his or her participation and agree with the child's need for a daily inhaled corticosteroid prior to randomization. We then used home visits to elicit informed consent and obtain baseline measurements. Details of the assessment have been reported. 26 Following the baseline assessment, children were assigned to the treatment or control group by blocked randomization in a 1:1 ratio. The randomization scheme was created by the biostatistics center and was stratified by smoke exposure based on the question, "How many people in this child's home smoke?" (0 vs Ն1). The intervention continued for 1 school year (7-9 months).
TREATMENT GROUP
For each child in the treatment group, medication (fluticasone propionate or fluticasone with salmeterol xinafoate) and a spacer (as appropriate) were delivered to the school nurse for directly observed therapy on the days on which the child attended school. The school nurse (or health aide) was instructed to deliver 1 dose of medication to the child during the school day. We used oncedaily dosing because it can be effective 28 and it allows for administration during school hours. The time of dose delivery varied by child and coincided with the routine time most convenient for the student and nurse. The nurses used medication administration logs; children received their preventive medication 98% of the time they were in school.
An additional canister of preventive medication was delivered to the child's home to use on weekends and other days the child did not attend school, and the child's caregiver was shown proper administration technique. While adherence to medication administration was ensured by the nurse on the days the child attended school, adherence was simply encouraged on days on which the child did not attend school (including weekends, vacations, and days absent).
The medication administered through the study varied depending on the child's baseline asthma therapy. The study team reviewed medication doses with the child's PCP prior to the start of the study, and adjustments were made at the PCP's discretion. Assessment for possible step-up in therapy occurred during the first 3 months of the intervention. The schematic for starting medications and dose adjustments has been presented. 26 Information regarding planned changes in the child's regimen was relayed to the PCP and family, and both parties agreed prior to implementation of an adjusted dose. At the end of the school year, PCPs were notified that the children would no longer receive medications through school, and the PCP could decide to continue or step down therapy at that time.
Families of smoke-exposed children in the treatment group also received an ETS reduction program. We used motivational interviewing principles to counsel the primary caregiver about reducingsmokeinthehomeandtoprovidebriefsmokingcessationcounseling with the primary caregiver (if a smoker) and an additional smoker who spends the most time with the child. Motivational interviewing is a patient-centered counseling style designed to reduce ambivalence about change and increase intrinsic motivation for change. 29, 30 This intervention was adapted from 2 previous studies 31, 32 and consisted of a 20-to 30-minute in-home counseling session 2 to 3 weeks after baseline and 2 follow-up telephone counseling calls (10-15 minutes each) 1 and 3 months after the in-person visit.Primarycaregiversandthesmokerinthehouseholdwerecounseledseparately.Theinterventionwasdeliveredby2registerednurses (P.T. and Susan Blaakman, MS, RN, NPP-BC) trained by a certified motivational interviewing trainer (B.B.). All counseling sessions were audiotaped, and more than 20% were reviewed for fidelity to the protocol and to motivational interviewing.
CONTROL GROUP
Caregivers of children in the control group were encouraged to contact their PCP to discuss the child's persistent asthma symptoms. Families were responsible for filling prescriptions from their PCPs and administering medications daily to the child. No medications were provided by the study team, and no ETS counseling was provided for smoke-exposed children in this group.
OUTCOMES
All families were given diaries to track their child's symptoms. Outcomes were assessed by monthly telephone interviews by an independent research group blinded to group allocation. The primary outcome measure was the number of symptom-free days during 2 weeks averaged across the peak asthma season (November-February). 33 Parents were asked to refer to their diaries and report the number of days their child experienced no symptoms of asthma (defined as a 24-hour period with no coughing, wheezing, chest tightness, or shortness of breath and no need for rescue medications) during the past 2 weeks.
Secondary symptom measures included the numbers of nights with asthma symptoms, days with activity limitation, days needing rescue medications, and days of missed school due to asthma. Parents were asked to report the number of acute office and emergency department visits and hospitalizations for asthma that their child required since the prior telephone interview. We defined an acute exacerbation as any visit for asthma where prednisone was prescribed. We collected saliva samples from each child at the beginning and end of the study to determine the child's level of cotinine, a metabolite of nicotine, using standard methods. All samples were measured with a standard enzyme-linked immunosorbent assay (Salimetrics, LLC, State College, Pennsylvania). In addition, we assessed standard demographic variables 26 as well as caregiver depression. 34 Medical records were reviewed for 10% of the sample to confirm office and emergency department visits and hospitalizations; visits were confirmed in 83% of cases.
STATISTICAL ANALYSIS
Subjects were kept in their originally assigned groups for analysis. Demographic variables and baseline outcomes were compared to confirm balance between randomized groups using t tests or 2 tests. Continuous variables were analyzed using a linear mixed-effects model, with indicator of treatment and treatmentϫtime interaction as independent variables. The analyses were repeated after controlling for baseline outcomes, child's sex, age, race, insurance, caregiver's education, maternal depression, and cotinine level. The treatment effect was regarded as fixed and the subjects were regarded as the random effect, with an autoregressive heterogeneous variance covariance structure specified. Categorical outcomes were analyzed using a generalized estimating equation model with a log-link function and Poisson error to obtain robust estimations of treatment effects. We tested interactions between treatment and smoke exposure and conducted stratified analyses. The PROC MIXED and PROC GENMOD procedures (SAS version 9.2 statistical software; SAS Institute, Inc, Cary, North Carolina) were used for fitting the models. We powered our trial for analysis on the primary outcome, symptom-free days. Based on our pilot data, 27 a sample of 480 provides 84% power to detect a difference of 1.1 symptom-free days per 2 weeks, based on a 2-sided t test (␣=.025).
RESULTS
We screened 2252 children with asthma indicated on their school health records (Figure 1) , and 713 were eligible for the program. We enrolled 530 children from 67 schools and preschools, for a participation rate of 74% (530 of 713 children). A total of 523 subjects (99%) had data for the primary analysis.
There were no differences in demographic characteristics between children in the 2 study groups ( Table 1) . The children's mean age was 7.1 years, and more than half were male (58%), black (63%), and covered by Medicaid (73%). In addition, 54% of the children lived with a smoker and 69% reported using a preventive medication at baseline. Asthma symptoms were similar at baseline, with children in both groups having an average of 8 symptom-free days per 2 weeks. Table 2 summarizes the primary outcomes by group. During the peak winter season, children in the treatment group experienced more symptom-free days compared with children in the control group (mean symptom-free days per 2 weeks, 11.6 vs 10.7, respectively). Children in the treatment group also had significantly fewer nights with symptoms, fewer days with activity limitation, less rescue medication use, and fewer days absent from school due to asthma compared with children in the control group. The analyses were repeated controlling for baseline symptoms and covariates. Treatment was associated with an additional 0.92 symptom-free day per 2 weeks, on average, compared with the control group (95% confidence interval [CI], 0.50 to 1.33). Full-year outcomes also showed a significant treat- Children in the treatment group were less likely to have an exacerbation requiring prednisone throughout the study period compared with children in the control group (12% vs 18%, respectively). When controlling for covariates, the intervention was associated with a 36% reduction in asthma exacerbations compared with the control group (relative risk=0.64; 95% CI, 0.41 to 1.00). For emergency department visits, acute office visits, and hospitalizations individually, the visit rates were lower for children in the treatment group but there were no significant differences. At the end of the study, 49% of children in the treatment group were receiving fluticasone and 51% were receiving fluticasone with salmeterol. In the control group, 60% reported using preventive asthma medication (29% fluticasone, 11% fluticasone with salmeterol, and 21% other). Figure 2 illustrates the number of symptom-free days per 2 weeks by month for the children in the treatment and control groups during the peak winter season. Both groups demonstrated improvement over time (P =.005 for the control group; P Ͻ.001 for the treatment group). However, children in the treatment group experienced more symptom-free days compared with children in the control group, and by February they were experiencing a mean of 1.2 additional symptom-free days per 2-week period (95% CI, 0.59 to 1.80).
We next considered the primary study outcome separately for children without and with smoke exposure in the home (Table 3) . There was no significant treatmentϫ smoke exposure interaction effect (P=.07). Stratified analysis showed positive treatment effects for symptom-free days for children without smoke exposure (mean symptom-free days per 2 weeks, 11.6 for the treatment group vs 10.5 for the control group; adjusted difference=0.91; 95% CI, 0.31 to 1.51) and for children with smoke exposure (mean symptom-free days per 2 weeks, 11.6 for the treatment group vs 10.9 for the control group; adjusted difference = 0.96; 95% CI, 0.39 to 1.52), suggesting an effect of the intervention for both groups of children. Similar results also were present for the other outcome measures.
Comparisons between subjects with complete data and those without complete data showed that baseline symptom-free days and race were associated with missing outcomes. Missing data were imputed using a multiple imputation algorithm based on multiple regression, 35 and multiple imputation inference was carried out. 36 The result showed a treatment effect similar to that shown by the primary analysis; the treatment group had 0.91 additional symptom-free day per 2 weeks compared with the control group (95% CI, 0.49 to 1.33). There were no significant adverse events in either group.
COMMENT
The School-Based Asthma Therapy intervention improved outcomes across multiple measures for urban children with asthma. Children receiving the intervention experienced almost 1 symptom-free day per 2 weeks more than children in the control group. This translates into approximately 2.5 weeks of additional symptom-free days during a school year. In addition, children in the treatment group had fewer days with activity limitation, had fewer days of school missed, and were less likely to have an exacerbation that required treatment with systemic corticosteroids. The validity and generalizability of our data are strengthened by the randomized study design, blinded assessments of outcomes, community-based recruitment through schools, and the use of existing resources (eg, school nurses) to deliver the main component of the intervention. This program has the potential to serve as a model for improved asthma care in urban communities.
A few other studies have included implementation of guideline-based asthma care in schools. One study in Alabama found a significant effect of school-based delivery of preventive medications on improvement in asthma control. 37 Additionally, a study in Dallas, Texas, evaluated school-based delivery of preventive medications. 38 The researchers found improvements in measures of asthma severity in a before-and-after evaluation, but no comparison group was examined. Other school-based studies for children with asthma have involved predominantly educational interventions to empower families to improve asthma management. [39] [40] [41] [42] [43] [44] [45] [46] Most have not focused on medical management 47 and have had modest results, suggesting that more intensive management is needed.
Collaborations with schools provide the opportunity to reach high-risk children and target those in greatest need of assistance, regardless of their contacts with the health care system. Delivery of preventive asthma treatment is complicated by issues including family stress, poverty, poor access to care, and difficulties in communication that prevent PCPs from providing optimal care. Some proposed solutions to this problem have involved costly interventions that are dif- ficult to sustain. Innovative methods of delivering preventivecarethroughschoolsarebeingevaluatedformanychronic conditions, and because schools already routinely provide daily medications for other conditions such as attentiondeficit/hyperactivity disorder, the provision of daily asthma preventive medications potentially represents a simple system change to improve adherence.
Importantly, in this study we found improved outcomes for children with and without smoke exposure in the home. This is in contrast to our previous study, where beneficial effects were seen only for children not exposed to smoke in the home. We enhanced our current intervention with 2 significant modifications in hopes of improving its effectiveness among smoke-exposed children. First, in our prior study we may have undertreated some of the children by keeping them on the same dose of medication during the school year. This is particularly pertinent for those exposed to smoke because studies of adult patients with asthma 48, 49 indicate reduced effectiveness of inhaled corticosteroids in decreasing inflammation among patients who smoke. Therefore, we implemented symptombased medication dose adjustments according to guideline recommendations, and 48% of children in the treatment group received a step-up in therapy during the study. Second, we implemented an ETS reduction program for smokeexposed children in the treatment group in hopes of decreasing their exposure to smoke.
This study was designed to test the impact of a system change on the effectiveness of care. We cannot determine with certainty which component of the intervention was most beneficial in the treatment group but rather can conclude that the system of care can be effective for young urban children with asthma. However, our primary findings were independent of any change in the child's cotinine level, suggesting that the school-based care component alone is effective in reducing symptoms.
It is important to note that the control group likely experienced improved asthma care simply through their participation in the study. We notified each PCP of the child's asthma severity and required the PCP's authorization before randomization. We also called the parents of children in both groups monthly and asked them to recall the child's symptoms. Increased awareness by both parents and PCPs likely caused a conservative bias in the analyses. While interviewers for the outcomes assessments were masked to the child's group allocation, blinding of parents, children, and PCPs was not possible. This could influence self-report outcome measures; however, distinct events such as exacerbations and absenteeism are less likely to be biased. Lastly, the study findings can be generalized only to similar urban populations.
Compared with usual care, the School-Based Asthma Therapy program significantly improved asthma symptoms and decreased exacerbations among urban children with persistent asthma. This program is particularly important because it can reach large numbers of high-risk children and could potentially reduce disparities between poor and nonpoor children. The intervention is widely applicable for asthma care in communities nationwide as well as for management of other chronic diseases. Additional efforts are now needed to evaluate the costs of the intervention and to develop dissemination strategies. 16 (13) 
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